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A} MTRACrl’
l,asc~ ranges  to rctroreflcctom  placed o], tl,e Nfoo], by lunar s},ace ]nissio],s have
been collected over the past24 years. A com]nche]lsive  set of parameters relating
t o  t h e  Earth and h400]l call L~c csti~natcd  flo]n t}lesc data. This  pa~~cr prescuk
curmlt ]u]lar laser rallgillg resul ts  for five ]ela(ivity ])aralnetm: the l’rinciI)le o f
l;c~uivalellce,  geoclctic:~ wcccssioli, t h e  l’aralnctrizcd l’osLNcwto]liall ])ala],,  ctc]s /3
and -Y, a]ld  a possible time rate of change  of the gravi(aliollal  mls~allt  C;. N’eitllcl
a viola tio]l of gcl]cral xclativity nor a change in G’ is fou  ILd.

1. lllt!ro[lllction  ‘

llcginniIlg  in 1969,  lunar  space lnissiolls  placed four c.orIler-cube retrorcflectors
011 the lunar  surface. A ‘5”a I)gc “ is t}lc elapsed round-trip travel tiIIIC c~f a I)UISC of
light  bctwecII a tcrrc.stria]  olmcrvatory  and a  lul]ar rctmreflcctm-.  A s  of January,
1994,  lnorc than  8400 lunar laser rallgillg  (1,1,1 /.) IIorInal lJoillLs have hem] c.ollm.tee]
froln t}lrcc  obse rva to r i es ,  wi th  accurac ies  over the ~)ast  five years bci]lg  2-3 c m ,
AInoIlg  paramcicrs  cstimatc:d arc five related to relativity.

2 .  TIIc l’rinci~)]e  of l{~quivalcmcc

A consequcnc.c  of the l)rillciplc  of Rquivalc]]cc  is that tllc gravitational Inass  MC;
of ally  object  is identical to its illcrtial  Inass  A41. (’.l’lIe  Weak I;quivalcnc.c  l’rinc.ip]c
(WI;]’) holds if i*,clcpc]]clclkt  ofcoln~,ositio*~; tl~c Strol~g  ltquivalel~cc  l’rillc.i~}le (S) ’;1’)
holds if true for gravitatio?lal  scdf-mlcrgy.)  A failure of t}lis ~)rillci~)lc  would lead to
tllc Norcltvcdt  cfl’cct,  i~l which the gcocmltric  lu]lar orbit  is dis~)laccxl  ill the dircc.tiol]
of tllc SUII, allcl  would exhibit a sig]laturc  ill tllc 1,1,1{  data ([1], [2] ,  [3]) .

‘J’IIc c~uantity  lncasurcd  by I,I,IL i s  (fi4c; /A41)l,:a,  ~l, - (A4C;  /A41)LfC,,,,i.  A  correc-

tion for solar  r a d i a t i o n  ~)rcssurc  [4]  is  a~)~}liccl to tl]c  cstilnatcd  va]uc. Wit,})  t)~is
corrcctiol),

A4C; A4C;

“A41

- ‘A41 ~,c,c,,,
~ (3,1 5) x 10- ‘3

Malt],

‘J’llc dcpcndc]lcc  of t}lc ratio A4c; /A41 011 t}ic Strong  l{kluivalc~lce  l’rillc.ip]c  call bc
cxl)rcsscd  as A4G/A41  : I -I q(UC; /A4c2)  ( [1] ,  [2 ] ,  [3 ] ) ,  where  q is a dilncllsiollless
paralncter  and ZJc; is the gravitatio?lal  se l f - c l l c rgy  o f  tllc cclcstia]  body.  l?or t,}lc
]~~art}l and  MOOII, (Uc; /A4C2)Ea,,l,  - (~l~;/~4C2)MC,~,II  ‘ - 4.45 x 10’ ‘O. The J,I,N  result
for ?] is

q , - 0.0043:1 0.0051 if W]{;]’ unccrtai  Ilty is illcludml

-  0 . 0 0 0 7 : 1  0 , 0 0 ] 0  if Will’ is assuI~lcd

w}lcrc  t}lc resul ts  of  Su et al. [5] arc used for t}lc W]’;]’.
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3 .  Cmclctic l’mccxsion

Gmcra] relativity predicts that the luljar  node, Ion.gitudc  of pcrigcc, and mean
lol)gitudc  s}lould  precess at 19.2 lIlilliarcseconds/y  ear. ‘1’}lis Iatc 1’~ is implicit in

the equat ions of  motion used to rnodcl tlIc MOOII and planets.  ‘J’hc I,I,R result is

A1’~
0.3% d 0.7%

-I’ g ‘ -

4 .  l’aramctrizcx]  l’rxt-h~cwhnian  @ and -y

‘J’wo  )’aramctrizcd  l’ost-Ncwto)rian  ( l ’ l ’ N )  ]Jara?nctcrs call  be csti~nated  fro]n
I,I)IL data:  /?, lncasurilig  lloll-lillearity  o f  su~}cr~)ositioll ,  allcl  q, inc. asuril]g  s})acc

curvature produced by unit lnass. }Ioth  @ ancl 7 a~)~)ear in the equations  of lr-rotioll;
7 also a]~])ears i]] the light,-ti]nc e q u a t i o n . Usi]lg o~lly  these fOrlnulations,

ISordtvcdt  ( [ 1 ] ,  [ 2 ] ,  [ 3 ] )  s h o w e d  t h a t  P ~ (q -I -y -I 3)/4. lJsillg q fro]n t h e
]{]qlliva]cllc,c  ]’rillc,il)]c a~OVC a,)d Iv - I I < (),00’2 froln illtcr~~lal]etary  rallgillg  [6],

p - 1 I < 0 . 0 0 1 4 if  W]’;]’  u]lccrtai]]ty  is i]lc.ludcd

<  0 . 0 0 0 6  i f  Will’ is assu]Iiccl

‘J’hc ])rcscv)t  1,1,}{  data SI)aII gives sensi t ivi ty  to ally  time rate of c} IaIIgc ill tile
gravitation constant  G, prilnarily  thrc)ugh  the solar l)cniurl~ation  on the lunar orbit.
‘J’hc cha]lgc  in G is cx})rcsscd  as <;/G’. ‘1’lle  result from ljl,lt  is

: = (0.1 :1 ().9) x 10- ‘] /year

G. summary
NO signif icant  challgc  froln  genera]  relat ivi ty is  fou)lcl,  and Ilo challgc  in G is

cwidc]lt.  A more cxtc]lsivc discussio]l  of this work is ill [7].
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